We evaluated the relationship between the variability in the left ventricular mass index (LVMI) and different hemodynamic factors. LVMI was associated with blood pressure and, in one subgroup, strongly to arterial pulse wave velocity (PWV). High physical activity was connected to increased LVMI, and a combination of low stroke index (SI) and high heart rate (HR) to decreased LVMI. Left ventricular hypertrophy (LVH) is an independent predictor of cardiovascular mortality and morbidity, and it is, actually, a stronger risk factor than blood pressure (BP), smoking or cholesterol. 1 Several hemodynamic and non-hemodynamic factors are associated with LVH. Regarding hemodynamic and demographic factors, the most important independent determinants of the left ventricular mass (LVM) among Chinese have been shown to be stroke volume (SV), systolic arterial pressure (SBP), end-systolic meridional stress to volume ratio (representing myocardial contractility), aortic root diameter and body mass index (BMI). 2 The Strong Heart Study with American Indian participants suggested that SV, contractility index and SBP are somewhat equal and best independent correlates of LVM. 3 Arterial stiffness can be estimated by measuring the arterial PWV. Arterial stiffening is considered an adverse change, since it is related to all-cause and cardiovascular morbidity and mortality in hypertensive patients. 4 There are insufficient data about arterial stiffness as a predictor of LVM. In a large population study, indices of arterial stiffness did not appear to be independent determinants of LVM in multiple regression models. 2 The aim of the present investigation was to study the influence of hemodynamic and non-hemodynamic factors on LVM. Ninety-seven men aged 35-45 years were recruited to an ambulatory BP study between 1987 and 1990 from routine primary care health check-up in the City of Tampere. The study group included 34 normotensive, 29 borderline hypertensive and 34 hypertensive when classified according to WHO criteria. This current study is a cross-sectional survey after an average follow-up of 10.8 years. Eighty-seven men were available for the present study. Twenty of them were excluded, because they were on antihypertensive medication. The basic characteristics of the study population have been published previously. 5 The local ethical committee approved the study protocol and all patients gave informed consent.
Standard echocardiography for the determination of LVM index (LVMI) was performed and standard cuff (casual BP) and ambulatory BP measurements (24-h BP, ABP) were obtained.
5 SV and cardiac output ( ¼ HR Â SV), beat-to-beat arterial pressures, systemic vascular resistance, arterial PWV, the amount of extracellular water (ECW) and left cardiac work index (LCWI) were measured and calculated at the supine position by using well-validated wholebody impedance cardiography and a finger BP method (CircMon Model B202, JR Medical, Tallinn, Estonia; 6, 7 Finapres 2300, series FAX, Ohmeda, Louisville, CO, USA).
Correlations between hemodynamic variables and LVM were calculated. T-test was used to compare means of different hemodynamic and descriptive factors between subgroups. Stepwise linear regression analysis was performed to identify the best combination of hemodynamic and non-hemodynamic variables to predict LVMI.
LVMI correlated with the following BP variables: 24-h SAP (r ¼ 0.266, P ¼ 0.03), 24-h MAP (r ¼ 0.254, P ¼ 0.04), casual SAP (r ¼ 0.287, P ¼ 0.02), as well as with night-time SAP (r ¼ 0.265, P ¼ 0.03) and nighttime PP (r ¼ 0.280, P ¼ 0.02). We did not observe any significant correlation between LVMI and the parameters of arterial stiffness for the entire population.
LVMI and PWV bore almost linear relationship for the majority of the cases (Figure 1, group B , N ¼ 54, r ¼ 0.59, Po0.001), but there were also two outlier groups in this figure. To clarify why outliers with high PWV (suggesting stiff arteries, outliers C, N ¼ 9), had smaller LVMI, the population was split into three groups on the basis of the scatter. The outliers C seemed to have high PWV values and yet lower LVMI than outliers A and the main population B (105.3 g/m 2 vs 149.7 g/m 2 and 131.5 g/m 2 with Po0.001 and P ¼ 0.001, respectively). All the outliers C had high PWV (410.5 m/s). 8 Also these outliers' LVMI was below the previously widely used cut-off for LVH (134 g/m 2 ) 9 and only in one person LVMI was higher than 125 g/m 2 . The outliers A (N ¼ 3) had a low PWV (o8 m/s) 8 and a high LVMI (4134 g/m 2 ). 9 Significant differences between the main population and outliers were observed in the parameters influencing LVMI and PWV: the outliers C had smaller SI (39. 4 This study confirms that LVMI is modulated by several factors. Moreover, our results suggest that LVM may be determined partly by different factors in different participant groups. These effects are easily neglected in a large heterogeneous population without subgroup analyses.
Earlier results from other studies have shown that BP affects LVM, 10 but its explaining role of LVH is limited. 10 High SBP and PP are results of arterial stiffening and signs of increased pulsatile component in the circulation. This pulsatile effect can lead to LVH by increasing after-load. A previous prospective report from this same material showed that the most significant factor predicting LVM after 10-year follow-up was baseline invasive ambulatory PP. 5 It has been shown that SV is an important determinant of LVM, 2,3 even stronger than SBP. 3 Interestingly, it seems that a combination of low SI and high HR was related to a lower LVMI, despite of relatively high arterial stiffness in this outlier C population. This result suggests that small SI with high HR may be a favorable combination to avoid LVH. This is a novel finding deserving further investigation using a prospective study design. The outliers A had high LVMI, but low PWV. The increased LVM may be due to the high physical activity. Moreover, these men had high SI, which may lead to higher stress on ventricular wall even when arterial stiffness is low. They also had higher ECW balance than the other groups. This is probably caused by increased muscle mass due to the higher level of physical activity; muscle tissue contains more water than adipose tissue.
There are observations supporting that load is crucial in the development of LVH. 11 Fluid load (ECW) has been associated with LVH in patients under chronic hemodialysis treatment. 12 It is interesting that the ECW balance in our population is more positive in men with higher LVM and more negative with lower LVM. This finding is worth further studies in larger healthy populations and in different patient groups.
In conclusion, PWV, an indirect parameter of arterial stiffness, was strongly associated with LVM in the majority of studied patients. Higher physical activity was linked to elevated LVM, while a combination of low SI and high HR was connected to low LVM. Also ECW independently associated with LVM. What this study adds? K Left ventricular mass may be influenced by different factors in different population groups. K Pulse wave velocity is associated with left ventricular mass in a hemodynamically homogenous population K A combination of low stroke index and high heart rate is associated with decreased left ventricular mass.
